An Automated Petri-Net Based Approach for Change Management in
  Distributed Telemedicine Environment by Mtibaa, Sabri & Tagina, Moncef
1An Automated Petri-Net Based Approach for
Change Management in Distributed 
Telemedicine Environment
S. Mtibaa and M. Tagina
Abstract— The worldwide healthcare industry is facing a number of daunting challenges which are forcing healthcare systems 
worldwide to adapt and transform, and will ultimately completely redefine the way they do business and deliver care for 
patients. In this paper, we present a distributed telemedicine environement reaping from both the benefits of Service Oriented 
Approach (SOA) and the strong telecoms capabilities. We propose an automated approach to handle changes in a distributed 
telemedicine environement. A combined Petri nets model to handle changes and Reconfigurable Petri nets model to react to 
these changes are used to fulfill telemedicine functional and non functional requirements. 
Index Terms—Telemedicine, Automated approach, Change management, handle changes, Reconfigurable Petri nets, 
functional and non functional requirements.
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1 INTRODUCTION
NCREASING competition, financial pressure, and cus-
tomer demands are causing service providers to trans-
form the way they create and deliver services. The ul-
timate goal of this transformation is to achieve faster 
time-to-market, leverage shared enablers across applica-
tions, achieve capital and operational savings, and gener-
ate additional subscriber and non-subscriber revenues 
from non-traditional areas, such as advertising. Through-
out this transformation, service providers are keeping an 
eye on the needs of end users [1].
Today’s end users are looking for a consistent and 
seamless experience across diverse devices and networks. 
They want applications to work the same regardless of 
their location, who they are connected to, or what device 
they are using [2].
Telecom market research shows that end users are will-
ing to pay a premium for services that can be personalized 
depending on the context within which they are being used 
(work, home, traveling, etc.) and they are willing to pay for 
services that allow them to blend capabilities or features
that enhance their lifestyles and productivity [3]. In other 
words, consumers value the applications riding on the 
connection higher than the connection itself. Therefore, the 
value end users place on communication has shifted from 
basic broadband connectivity to services that enable con-
textaware, personalized and blended services.  At the same 
time, web 2.0 is enabling collaboration and sharing among 
end users through social networking sites, wikis, blogs, 
and tags. Web 2.0 uses technologies such as Web Services 
to expose parts of applications that can then be combined 
and blended to create whole new services.
Obviously, end user preferences will continue to evolve, 
so a service provider’s battle for differentiation must focus 
on the ability to foster rapid innovation (simplicity, flexibil-
ity and time-to-market) while providing quality of experi-
ence (QoE) for end users with service performance, quality, 
security, personalization, and usability [4].
Traditional service providers will not be able to keep up 
with the pace of service innovation taking place in the web 
2.0 arena unless they engage in a services transformation 
process. That process must implement an effective Service 
Delivery Environment and impact factors that hinder their 
agility to develop, launch, manage and bill for services [6].
Service providers can achieve these goals and get a seat in 
the web 2.0 arena by collaborating with an ecosystem of 
partners. With the right partners, service providers can 
leverage partner capabilities in Web Services and allow 
controlled use of their own network services and capabili-
ties through the most appropriate technologies to ensure a 
true QoE for end users. At the same time, they can create 
and transition to a service model that allows for the desired 
level of integration with the open Internet/web (2.0) world.
Modern healthcare is technology intensive, so dealing 
with complex technology challenges is not new. There has 
been significant progress in implementing internal and 
inter-organization IT solutions that provide better context 
for medical decisions reduce administrative costs and im-
prove patient safety by reducing errors. Technical ad-
vances have included the development of IT standards for 
secure exchange of information, presentation of relevant 
patient information at a doctor’s PC, and interworking of 
diverse imaging solutions. In this paper, we will propose a 
distributed telemedicine environement in form of virtual 
enterprise taking advantage of Web-based communications-
centric and IT-centric capabilities. The virtual enterprise [5]
is based on the ability to create temporary co-operations 
and to realize the value of a short business opportunity 
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2that the partners cannot (or can, but only to lesser extent) 
capture on their own. In this scope, we will concentre on 
potentiels of Web services to construct a full process from 
stem to stern with a special concentration on the business 
aspects. Moving a higher percentage of healthcare outside 
the clinic or hospital is a necessary and significant compo-
nent of strategic change described. It is important to em-
phasize that is a part of that solution since the management 
of change to enable full view of the integrated lifecycle 
(how Web services are created, modified and disposed of)
is a key aspect.
Change management is considered one of the challeng-
ing problems in the field of software engineering, database 
and workflow systems. In [6] [7], some frameworks dealing 
with the changes in tightly-coupled system have been pro-
posed. A central monitoring module is usually deployed to 
handle, forward and self-adapt to the occurrence of 
changes. Due to known drawbacks of central approach, 
our work will not consider a central mechanism for change 
management.
As the composed/aggregated services available increas-
es, the complexity of managing changes will grow and the 
manual management of changes become not pratical even 
impossible. Indeed, Web services technology cannot pre-
tend to provide all answers in terms of patient safety and 
other medicine services but can make a significant contri-
bution. One of the greatest promises of the distributed te-
lemedicine environement is ability to self-adapting to ga-
rantuee goals acheiving. Abstracting changes in business
relationships require an automated approach to manage 
changes without any impact on high level functionaltities 
offered to users. For example, the proposed telemedicine 
environement must be able to automatically plug-
in/plugin-out Web services with little overhead while gua-
ranteeing both functional and non-functional properties.
Functional properties refer to the functionalities that tele-
medicine environement have to fulfill. The non-functional 
properties refer to events surrounding the functional prop-
erties. Change management is therefore a critical compo-
nent in the deployment of telemedicine environement. Our 
works provides such as framework for change manage-
ment based on a pre-defined use cases.  To ensure desi-
dered requirements, different pratical approach can be 
used. An example of these approaches is Buttom-up ap-
proach in which the changes are intiated in the Web service 
environement. As a case, a service operation may become 
unavailable during execution and trigger dependencies 
services and users in order to replace this service. In this 
paper, we will focus on this aspect.
Reasearchers interested to automate the change man-
agement process to make it transparent to users. A Petri net 
based approach to maintain correctness between process 
type and instances is presented [14]. Changes to process 
type occur when the process schema is modified in re-
sponse to the environment. For example, a business
process may adapt to comply with new legislation, or it 
may be optimized for performance reasons. In [15], a 
framework to detect and react to the exceptional changes 
that can be raised inside work ow-driven Web application 
is proposed. It first classifies these changes into behavioral 
(or user-generated), semantic (or application), and system 
exceptions. For example, the free user navigation through
Web pages may result in the wrong invocation of the ex-
pired link, or double-click the link when only one click is 
respected.
We present an approach to automatic management of 
bottom-up changes using Petri nets. In our work, we use 
Petri nets to model handling and adptative changes in dis-
tributed telemedicine environement. Petri nets have been 
used to model a variety of concurrent and discrete event 
distributed systems [8]. We model changes using Petri nets 
because of their applicability to a Web services composi-
tion modeling. The behavior of a composite Web services is 
described by the evolution of its Petri net model. As the 
Petri net evolves, the system reaches different safe and un-
safe states that can be completely defined by the marking 
of a Petri net model. Furthermore, Petri nets map directly 
to our change specification. They also preserve all the de-
tails of our change specification while modeling the 
changes accurately. For example, Petri nets can easily rep-
resent the safe an unsafe states of web services composi-
tion. They represent changes between these states as transi-
tions. Moreover, the use of reconfigurable Petri nets allows 
us to incorporate our mapping rules into the Petri net
model. This allows us to completely model our change 
specification, without the need to use additional modeling 
tools.
The remainder of this paper is organized as follows. In 
Section 2, we use the distributed architecture of telemedi-
cine and a scenario from this domain to motivate our work. 
It will also be used as a running example. Section 3 pre-
sents a bottom-up specification of changes. In Section 4, we 
describe our change management model which is based on 
Petri nets. Finally, we conclude in section 5.
2 DISTRIBUTED TELEMEDICINE ENVINRONEMENT
In this section, we present the global context of our work 
and an overview about Service Oriented approach. A 
scenario from Telemedicine world will be exposed to 
prepare the introduction of changes model.
2.1 Context and Motivations
The Worldwide Web Consortium (W3C) defines a Web 
Service as a software system designed to support intero-
perable machine-to-machine interaction over a network. 
In practical terms, that means Web Services are applica-
tion capabilities that can be used as standalone software 
components in a network [9]. These standalone capabili-
ties can subsequently be linked or combined together 
without the need to understand the specific programming 
language, platform or application that is providing the 
information or functionality required. Web Services are 
explicitly defined, self-contained, and do not depend on 
the context or state of other interfaces.
Web Services currently offer one of the preferred me-
thods for implementing Service Oriented Architecture 
(SOA) principles:
 Services are autonomous with well-defined inter-
3faces.
 Services can be reused to build composite varia-
tions.
 Services are loosely coupled.
 Services are discoverable.
 Services are highly interoperable.
The key idea of SOA is the following: a service provid-
er publishes services in a service registry. The service re-
quester searches for a service in the registry. He finds one 
or more by browsing or querying the registry. The service 
requester uses the service description to bind service. 
These ideas are shown in the following Fig. 1.
The goal of Service Delivery Environement is to trans-
form rigid network infrastructure to a standard, open, 
flexible, IP, SOA-based environment that can accommo-
date:
- Multiple traffic types (voice, data, and video).
- A multi-tiered service creation environment in-
cluding IPTV, Content Delivery, Messaging, 
Legacy.
- Variety of access types (wired and wireless).
- Various Quality of Service (QoS) performance 
requirements.
- A variety of new and emerging business mod-
els.
Web Services can be used not only to interwork appli-
cations from multiple domains, but also to facilitate the 
integration and communication among operations and 
business support systems. 
The Service Delivery Environement uses Web Services 
in combination with orchestration to implement processes 
such as fulfillment and assurance, and to expose charging 
and other services. Web Services are not the only means 
of exposing network and services abstractions and capa-
bilities. Protocol-layer abstraction technologies such as 
IMS SIP/SCIM are also required for real-time and laten-
cy-intolerant services. For example within the telcom do-
main, SIP and Web Services must co-exist: they provide 
complementary ways of delivering context-aware, perso-
nalized and blended services.
2.2 A Telemedicine Service Scenario
A way to motivate and illustrate this work, we presents 
an example of Telemedicine service scenario. We categor-
ize the Distributed Telemedicine environement into three 
main layers: service, business and delivery. The service 
layer consists of available web services, and the business 
layer represents the Web service like operations typically 
ordred in a particular application domain. We refer to the 
selected services as member services (see Fig. 2).
Key Telemedicine environement objectives include:
- Allowing people to stay in their homes to an 
older age.  By doing this, we can reduce the eco-
nomic burden of dedicated care facilities and 
improve quality of life for a substantial propor-
tion of the aging population.
- Using televisions to keep in touch. Another use 
of camera technology is in conjunction with an 
IPTV set-top box and connection back to a Con-
tact Center.
- Using wireless toys for always-on monitoring 
and communications. The wireless home net-
work itself enables a new class of device that has 
significant healthcare implications.
    
Let us assume that a senior citizen establishes a need for 
a business objective (medicine service). Typically, he starts 
with formulating the business strategy (or goal) of the en-
terprise. During the planning, a set of services are identi-
fied: HealthService, AccountingService, DoctorService, Finan-
cialServcie and InsuranceService. Second, the senior citizen
develops a specification listing the services to be com-
posed. A graphical interface is provided to senior citizen for
easier management of the process. We assume that HS, AS, 
DS, FS and IS are selected and orchestrated. The third step 
is the orchestration where member services that match the 
specified high level configuration are selected and invoked. 
We describe here the ideal scenario: the senior citizen meas-
ures at home her blood sugar level, her blood pressure and 
her weight, and then he sends such data to the HealthSer-
vice. Once the HealthService received the data, it controls
whether the sender is a subscribed patient, and then it for-
wards the information who contacts it and when to Accoun-
tingService. HealthService forwards also the received data to
DoctorService in charge of checking the received values. 
After analysing the received values, the team sends a con-
firmation or an adjustment of the medication doses. The 
Fig. 1. Reference architecture of web services- SOA  
Fig. 2. Muti-tiered telemedicine application with different levels 
(Business, Services and Delivery)
4FinancialService and InsuranceService are executed to pro-
vide finalise the process.
However some changes to member services may han-
dle some inconsistency in the composition and orchestra-
tion. Each service layer change describes a functional and 
non functional change that may occur in a member service. 
For example, in case of non disponibility of a DoctorSer-
vice, a change management is required to ensure that the 
telemedicine system is remaining profitable.
3 CHANGE SPECIFICATION
Managing buttom-up changes is highly dependent on the 
services that compose the system. Therefore, it is quite 
important to define the changes that may occur to web 
services and then map them to into the system level. In 
this section, we present buttom-up changes. We define 
the set of handling changes. Handling change ( ) is de-
fined for changes that occurred at the service level (for 
example Web service availability) while adaptive changes 
( ) are related to changes at the business level (for in-
stance the selection of alternative service).
3.1 Changes Overview
In this paper, we focus changes in synchronous mode. In 
our scenario, we suppose that for instance DS service may 
not change its data types while the triggering change of 
unavailability is being processed. Another hypothesis 
states that for each change a transition will be associated
between two states: precondition and postcondition. In 
our case study presented, a precondition for DS unavai-
lability is that it was available and the postcondition is 
that it has become unavailable. 
Handling changes will be modeled using Petri nets. Our 
classification of triggering changes is based on the tradi-
tional approaches from the elds of software engineering 
and workfow systems [8]. A handling change is initiated 
at the service level such as the operations, the access 
points, the availability, etc. Therefore, we can distinguish
several handling changes based on Web service proper-
ties [10].
The Web service properties can be sorted into two catego-
ries: functional and non-functional. We can classify han-
dling changes into the two categories, as shown in Fig. 3.
     
- Non-functional changes: we assume that the non-
functional parameters represent the dependability and 
response aspects associated with a member service.
Cost represents changes in the service cost. Finally, 
dependability is associated with changes in the availabili-
ty and reliability of the Web service. Service dependabili-
ty takes only one of two possible values (i.e., available or 
unavailable). Alternatively, service cost values may take 
more than two possible values. For instance, the service 
cost obviously draws its values from the real domain. 
Changes are handled by values that exceed or fall below a 
threshold.This threshold consists of minimum and maxi-
mum values beyond which the needs to be notified about 
this change. Table 1 gives a summary about non-
functional changes.
- Functional changes:  this category of changes is related 
to a service WSDL description [11]. We represent func-
tional changes as a combined execution of elementary 
operations: remove and then add. We distinguish two dif-
ferent functional changes: structural and behavioral (see 
Fig. 3). Structural changes refer to the operational aspects 
of a Web service. For example, a structural change in a
telemedicine service can be caused by changing the oper-
ations offered to a citizen. Changes to the behavior of a 
Web service are indicated by changing its interaction with 
external entities. Functional changes to a member Web 
service occur when its WSDL description is modified. 
Table 2 gives a summary about functional changes.
TABLE 1
NON-FUNCTIONAL CHANGES 
Fig. 3. Handling changes categories: functional and non-functional
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FUNCTIONAL CHANGES
TABLE 3
ADAPTIVE CHANGES
Adaptive changes: may occur at the composition and or-
chestration levels. In our scenario, when the telemedecine 
system is interrupted by a change in DS, it reacts to the 
change after suspending execution. This may be accom-
plished by raising a fault, compensating for the change at 
the composition layer, and calling of an alternate service. 
Each reaction may be explicitly executed by user as reac-
tive or adaptive change or can be delegated to business 
layer which is considered as implicit reaction. 
For example, if DS becomes unavailable, business layer 
will be search for equivalent service to continue execution 
to ensure that there is no high level impact on user de-
mands. Table 3 gives a summary of adptive changes de-
fined in our model.
Now, we will disucss the impact of  changes to the 
telemedicine business layer. A mapping details how 
change instances in one layer correspond to changes in 
another layer. These mapping must remain consistant in 
the presence of frequent changes. Handling changes have 
a reactive impact on the business layer. For instance, a 
change in availability maps to  change of change 
instance.
4 CHANGE MODEL
In this section, we propose a change model to accurately 
identify all type of changes that may occur in a composite 
Web services.
4.1 Handling Changes Model Using Petri-Nets
Petri nets or PN are a well-founded process modeling 
techniques that have formal semantics. They have been 
used to model and analyze several types of processes in-
cluding protocols, and business processes. Visual repre-
sentations provide a high-level, yet precise language, 
which allows reasoning about concepts at their natural 
level of abstraction. Services are basically a partially or-
dered set of changes.
Therefore, it is a natural choice to map it into a Petri 
net. Moreover, the semantics delivered by Petri nets can 
be used to model the standard behavior of composite 
Web services described by BPEL [12].
We formalize the change model for triggering changes 
by introducing PN–Handle (PNH) which is defined as 
follows.
The algebric structure of PNH = (P, T, F, P0, Pn) if the 
following conditions hold:
 F  (P x T)  (T x P)                        
 P  T = 
 P  T  
 Pi  P
 P0  P
where:
- P is a finite set of places representing the states of 
Web service.
- F is a finite set of transitions representing changes 
to Web service.
- F is called the web services action flow.
- P0 is the input place, or starting state of the Web 
service
- Pn is the output place, or the ending state of the 
Web service
Fig. 4 represents the model of non-functional changes 
to Web services. It is composed from five places and four
transitions. PS is the initial place of PNHN. It represents 
the initial state of the Web Service. PS consists of four
tokens, each representing one of the six non-functional 
changes. Every time a change occurs, the corresponding 
token is fired. If more than one change occurs, the corres-
ponding token for each change type is fired. 
For instance, if a member services (i.e Web service)
6becomes unavailable, the transition will be enabled and 
the corresponding token will be fired.
The subnet representing dependability changes in 
PNHd= (Pd, Fd , Td,  P0d, Pnd), where Pd={PS,PS-Re,PS-A}
and Fd={FRe,FA},. The place PS is corresponding to the 
state of available and reliable service. PS-A represents 
a service that becomes unavailable.  When a service 
becomes unavailable, the token (representing the avai-
libility property) is moved from PS to PS-A. A similar 
behavior is observed when the service becomes unrel
able. PS-A represents alterAvailibility, and PS-Re 
represents alterReliability. We notice that we have the 
same evolution of Petri nets model to represent a 
change in another non-functional property.
Fig. 5 represents the model of functional changes to 
Web service. Functional Changes are modeled by the 
subnet PNHf= (Pf, Ff , Tf, P0f, Pnf), where Pf={P,PT+,PT-, 
PL+,PL-,PM+,PM-,PPT+,PPT-,PO+,PO-,PB+,PB-} and
Ff={FT+,FT-,Fl+,FL-,Fm+,FM-,FPT+,FPT-,FO+,FO-
,PB+,PB-}.
4.2 Modeling Adaptive changes with 
Reconfigurable Petri-Nets
We have surveyed several extensions of Petri nets for 
modeling reactive changes. Reconfigurable Petri-nets 
provide formalism for modeling these changes. 
They support internal and incremental description of 
changes over a uniform description. Reconfigurable Petri 
nets are an extension of Petri nets with local structural 
modifying rules performing the replacement of one of its 
subnets by other subnets [13]. The tokens in a deleted 
place are transferred to the a created one.
We formalize the change model for adpative changes 
by introducing PNAC (PNAC) which is defined as fol-
lows. The algebric structure of PNAC= (P, T, F, R, I) 
where:
- P={p1,…,pn} is a non empty and finite set of places
- T={t1,...,tn} is a non empty and finite set of transi-
tions disjoint from )( TPP 
- F:  )()( PTTP  IN is a weighted flow re-
lation.  A rewiting rule  is a map 
21: PPr  whose domain and codomain are dis-
joint subsets of places  PPP,P, 11 P
- R={r1,..,rn} is a finite set of structure modifying 
structure rules.
- I represent the initial state: the first configuration 
of composition in business layer. The domain of I
is DTE0. 
We consider the scenario containing five places corres-
poding to adaptive changes:
- DTES is the set of places {DTE0, DTE1, DTE2, 
DTE3, DTE4} where S represents changeState.
- DTEv is the set of places {DTE5, DTE6, DTE7, 
DTE8, DTE9} where V denotes changeServi-
ceInstance.
- DTEw is the set of places {DTE10, DTE11, DTE12, 
DTE13, DTE14}
Fig. 6 shows a PNAC representing adaptive changes
used Reconfigurable Petri net. It represents the initial 
statechange in service orchestration, removal of service
(Fig. 8), and addition of service (Fig. 9).
Fig. 7 shows the PNAC after change in service 
orchestration.
The PNAC corresponding to removal of service is illu-
Fig. 4. Handling changes categories: functional and non-functional
Fig. 6. PNAC for adaptive composition changes 
Fig. 7. PNAC initial statechange – the first configuration 
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MATRIX OF NON-FUNCTIONAL CHANGE OF WS
strated by Fig. 8.
The last PNAC after of a new service is illustrated by Fig. 
9.
4.3 CHANGE MANAGEMENT APPORACH
Change management requires an automated approach 
that is specifically defined and automatically executed. 
We use our Petri net change specification as the basis for
handling changes in our telemedicine environement. We 
divide the process of change management into two
distinct steps: detection, and reaction.
After the change specification is defined, we begin the 
automated management. Detecting the respective 
changes is the first step of change management. All 
changes identified in the handling changes models are 
subject to detection. Detection involves an agent that 
monitors the Web service (Fig. 11). Each change type has 
an associated set of rules for detection. For example, a 
DoctorService may change the input parameters (i.e re-
quired information provided by patient), when this 
change occurs, the telemedicine system must detect this 
change using some predefined detection rules. Each de-
tected change must be forwarded to monitoring service; 
and then the composition strategy must be updated. The 
notification and polling mechanism are mainly the tech-
niques to awareness that a change has occurred. These 
techniques require that a monitoring service periodicaly 
send “refresh” and “Alive” messages to detect unavail-
able services and also renew membership. A Petri net 
based model of changes explained in section 5 represents 
the detection of handling changes. The changes are de-
tected at the service layer and represented as an incidence 
matrix. Some rules are identified for detecting functional 
and non functional changes.
We define a rule for mapping the change into the de-
fined Petri-net: first of all, the current service state is cor-
responded to a set of precondition places in the triggering 
Petri net and the updated service state as the set of post-
condition places in the triggering Petri net. Then, a com-
parison between the values precondition and postcondi-
tion places of the Petri net is done. Depending on result 
retuned, a token is placed in the respective precondition 
place. This token will enable the change transition only if 
a difference is found. 
Let us consider the example where the service WS service 
change availability (due to maintenance reasons) and the 
other attributes remain constant. In this case, we map the 
change into the non-functional Petri net (Fig. 10).
The service agent responsible of monitoring of WS will 
generate the following matrix detailed in Table 4.
Based on the information sent by service agent we define 
how to execute adaptive change. After receiving the ma-
trix indicating the change that occurred, the handling 
Fig. 10. Non-functional Petri net for WS- change of availibility of 
this service 
Fig. 8. PNAC after service removal- WS5 was removed
Fig. 9. PNAC after service addition- WSnew added
8change is mapped to the appropriate reactive change. We 
can list some considered reaction techniques in our sys-
tem:  
- In case of add, the newly service member will 
be considered. It can be considered in load ba-
lancing context or as back-up alternative
- In case of unavailability of a service, if it is criti-
cal then the orchestration will be paused. A 
heartbeat is activated to check the status of the 
service; the orchestration must be terminated if 
the heartbeat number permitted is reached.
5 CONCLUSION
In this paper, we have presented a muti-tiered architecture 
of Telemedicine services as well as the bottom-up approach
focusing on handling changes that may occur in this system
and then mapped to adaptive changes. We use a formal 
change model based on Petri nets to accurately represent 
these changes. 
Future work includes extending our change management 
approach. We plan to include a top-down approach to speci-
fying changes.  Future work includes a full simulation proto-
type taking into account priority in changes, estimation of 
frequency based on measures and enhancing the monitoring 
module by proptagating optimally the changes and addition 
of expert module based on pre-defined user rules depending 
on his intention and preference.
REFERENCES
[1] S. Rey, and H. Sarrazin, “How telecoms can get more from 
Internet Protocol,” McKinsey on IT,
http://www.mckinsey.de/downloads/publikation/mck_on
_bt/2006/MoIT10_IP%20transformation.pdf. 2006.
[2] T. Haaker, B. Kijl, L. Galli, U. Killström, O. Imonen, and M. de 
Reuver, “Challenges in designing viable business models for 
context-aware mobile services,” 3rd International CICT Confe-
rence (Mobile and Wireless Content, Services and Networks),  
2006.
[3] M. Brenner, M. Grech, and M. Unmehopa, “The service deli-
very Environment a standards-driven melting pot,” Interna-
tion Conference on Intelligence in Next Generation Network, pp. 8-
16, 2007. 
[4] N. Crespi, “How telecoms can get more from Internet Proto-
col,” Siences Technology Information projects,
http://projects.celtic-
initiative.org/servery/publications/Severy_H_Res.pdf, 2009.
[5] K. H. Park , and J. Favrel, “Virtual enterprise - Information 
system and networking solution,” Computers & industrial En-
gineering, vol. 37, no. 1-2, pp. 441-444, 1999. 
[6] N.H. Madhavji, "Environment evolution: The prism model of 
changes," IEEE Trans. Software Engineering, vol. 18, no. 5, pp. 
380-392, 1992.
[7] G. Cobena, S. Abiteboul, and A. Marian., “Detecting changes 
in xml documents,” Proceedings of the 18th International Confer-
ence on Data Engineering. San Diego, pp. 41-52, 2002. 
[8] W. M. P. v. d  Aalst, “The application of Petri Nets to workflow 
management,”  Journal of Circuits, Systems, and Computers, vol. 8, 
no. 1, pp. 21-66, available at 
http://paginas.fe.up.pt/maspwww/files/aals-1998.pdf, 1998. 
[9] S. Mtibaa, and M. Tagina,  “A Combined Petri Nets and 
Model-Driven Engineering for Requirements Specification 
Approach to Analysis of Service-Based Applications," unpub-
lished. 
[10] M. S. Akram, “Managing Changes to Service Oriented Enterprise,” 
PhD dissertation Faculty of the Virginia Polytechnic Institute and 
State University, Virgina, USA, 2005. 
[11]   M. Brock, and A. Goscinski “State aware WSDL,” Proc. Sixth 
Australasian Workshop on Grid Computing and e-Research, vol. 82, no. 
7, pp. 35-44, available at 
http://delivery.acm.org/10.1145/1390000/1386847/p35-
brock.pdf?ip=64.208.49.218&acc=PUBLIC&CFID=91479864&
CFTKEN=35120079&__acm__=1340621714_b55ccf453d3fdfc1
ca3c9d5c254997c3, 2008.
[12] S. Hinz, K. Schmidt, and C. Stahl, “Transforming BPEL to Pe-
tri Nets.,” Proceedings of the Third International Conference on 
Business Process Management (BPM 2005), 2005.
[13] E. Badouel, M. Llorens, and J. Olivier, “Modeling Concurent 
Systems: Reconfigurable Nets,” Proc. Int. Conf. on Parallel and 
Distributed Processing Techniques and Applications, pp. 1568-
1574, 2003. 
[14] M. Brambilla, S. Ceri, S. Comai, and C. Tziviskou, “Exception 
handling in worflow driven web applications,” Proceedings of 
the 14th international conference on World Wide Web, pp. 170-
179, 2005.
[15] S. Rinderle, Reichert, M. Dadam, “On Dealing with Structural 
Conflicts Between Process Type and Instance Changes,”
Second International Conference on Business Process Management. 
Postdam pp. 274-289, 2005.
S. Mtibaa is currently a Ph.D. student in the National School for 
Computer Sciences of Tunis, Tunisia (ENSI). He received the master 
degree from High School of Communication of Tunis, University of 
Carthage, Tunisia (Sup'Com) in 2008. His current research interest 
Fig. 11. Change management : main steps followed to generate the 
Adaptive Petri net
9includes web service composition using Petri nets as well as system 
verification and QoS aware.
M. Tagina is professor of Computer Science at the National School 
for Computer Sciences of Tunis, Tunisia (ENSI). He received the 
Ph.D. in Industrial Computer Science from Central School of Lille, 
France, in 1995. He heads research activities at LI3 Laboratory in 
Tunisia (Laboratoire d'Ingénierie Informatique Intelligente) on Meta-
heuristics, Diagnostic, Production, Scheduling and Robotics.
